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Fig.S1. Flow gradient 

Buffer A is H2O with 1% CH3CN, 0.1% HCOOH, 
Buffer В is CH3CN with 1% H2O, 0.1% HCOOH.



Script 1. Creation of local copy of PubChem 

#!/usr/bin/env python2 

# -*- coding: utf-8 -*- 

""" 

Created on Thu Jan 17 20:52:45 2019 

 

@author: alexorlov 

""" 

 

import sqlite3 

import csv 

from io import open 

 

from rdkit import RDLogger 

from rdkit.Chem import MolFromInchi, MolToSmiles, MolFromSmarts 

from rdkit.Chem.Descriptors import MolWt, ExactMolWt 

from rdkit.Chem.rdMolDescriptors import CalcMolFormula 

from tqdm import tqdm 

import datetime 

now = datetime.datetime.now() 

 

lg = RDLogger.logger() 

lg.setLevel(RDLogger.CRITICAL) 

 

###Setting the path to PubChem Database using CID-InChI-Key file available via PubChem ftp site 

ftp://ftp.ncbi.nlm.nih.gov/pubchem/Compound/Extras/CID-InChI-Key.gz 



pubchem='/Kostyukevich_project/Databases/PubChem/CID-InChI-Key'  

 

###Function for creation of sqlite version of PubChem Database 

def create_database(): 

    conn = 

sqlite3.connect('/Kostyukevich_project/Databases/PubChem/PubChem_{}.db'.format(now.strftime("%Y

_%m_%d"))) 

    c = conn.cursor() 

    c.execute("CREATE TABLE IF NOT EXISTS molecules (" 

              "id integer primary key, " 

              "smiles BLOB, " 

              "mass  REAL, " 

              "exactmass REAL," 

              "formula TEXT, " 

              "CID, " 

              "key BLOB" 

              ")") 

    c.execute("CREATE INDEX massIndex ON molecules(exactmass)") 

    c.execute("CREATE INDEX formulaIndex ON molecules(formula)") 

    return c,conn 

 

def blocks(files, size=65536): 

    while True: 

        b = files.read(size) 

        if not b: break 

        yield b 



 

 

##Main body of the script. At first, connection to sqlite database (created on the previous stage) is 

setting up. Then, structures of molecules are reading from Inchi format into RDKit mol format using 

RDKit python library.  Molecular descriptors (mass, exactmass) and smiles notations are calculating 

through RDKit python library. The results of the calculations are putting into database. 

 

with open(pubchem, "r", encoding="utf-8", errors='ignore') as f: 

    nlines  = sum(bl.count("\n") for bl in blocks(f)) 

print(nlines) 

 

c,conn = create_database() 

 

with open(pubchem, newline='') as csvfile: 

     spamreader = csv.reader(csvfile, delimiter='\t', quotechar='|') 

     idx = 0 

     for row in tqdm(spamreader,total=nlines): 

            cid = row[0] 

            inchi = row[1] 

            key = row[2] 

            try: 

                mol = MolFromInchi(inchi) 

                mass = float(MolWt(mol)) 

                exactmass = float(ExactMolWt(mol)) 

                formula = CalcMolFormula(mol) 

                if mass > 1500.: continue 

                if len(mol.GetSubstructMatches(MolFromSmarts('[C]'))) < 2.: continue 



                smiles = MolToSmiles(mol).encode('ascii') 

                key = key.encode('ascii') 

                c.execute('INSERT INTO molecules VALUES (?,?,?,?,?,?,?)', 

(idx,smiles,mass,exactmass,formula,cid,key)) 

                idx += 1 

                if idx % 50000 ==0: 

                    conn.commit() 

            except: 

                pass 

     conn.commit() 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Script 2. Selection of molecule with specific molecular formula and computing number of functional 

groups 

# Fragment molecule 

# USE R 3.6 OR HIGHER!!!!!!! 

# USE BOTH R AND JAVA x64!!!!!! 

 

require(rcdk) 

require(RSQLite) 

 

# Connect to PubChem_2019_09_09.db 

 

con <- dbConnect(RSQLite::SQLite(), "PubChem_2019_09_09.db") 

dbListTables(con) 

dbListFields(con, "molecules") 

 

# Select molecule 

Target_Molecule_Formula="C8H9NO2" 

 

res <- dbSendQuery(con, paste("SELECT * FROM molecules WHERE formula = 

'",Target_Molecule_Formula,"'",sep="")) 

Isomer_Molecules=dbFetch(res) 

 

head(Isomer_Molecules) 

 

# Determine number of functional grouops 

NH =  "[#7;H1]" #  



NH2=  "[#7;H2]" 

OH = "[#8;H1]" 

SH = "[#16;H1]" 

 

Carbonyle=  "[CX3]=[OX1]" 

Carboxylic_Acid = "[CX3](=O)[OX2H1]" 

 

Functional_Groups=c(NH, NH2,OH,SH, Carbonyle,Carboxylic_Acid) 

Functional_Groups_Names=c("NH","NH2", "OH","SH", "Carbonyle","Carboxylic_Acid") 

 

Isomer_Molecules_1=data.frame() 

 

pb <- txtProgressBar(min = 0, max = nrow(Isomer_Molecules), style = 3) 

 

for (index in c(1:nrow(Isomer_Molecules))) { 

 Isomer_Molecules_index=Isomer_Molecules[index,] 

 Isomer_Molecules_JAVA_molecules=sapply(Isomer_Molecules_index$smiles, parse.smiles) 

  

 Functional_Groups_vector=c() 

  

 if (is.null(Isomer_Molecules_JAVA_molecules[[1]])==FALSE) { 

  

  for (group in Functional_Groups) { 

   mappings <- matches(group, Isomer_Molecules_JAVA_molecules, TRUE) 

   



   Number_Of_Groups = as.numeric(sapply(mappings, function (mappings) 

{a=mappings[[2]]; return (length(a))})) 

    

   Functional_Groups_vector=c(Functional_Groups_vector,Number_Of_Groups) 

    

  } 

  Functional_Groups_vector_d=as.data.frame(t(Functional_Groups_vector)) 

  names(Functional_Groups_vector_d)=Functional_Groups_Names 

 Functional_Groups_vector_1=cbind(Isomer_Molecules_index,Functional_Groups_vector_d)  

 Isomer_Molecules_1=rbind(Isomer_Molecules_1,Functional_Groups_vector_1) 

  

 } 

   

 setTxtProgressBar(pb, index) 

 

} 

 

Isomer_Molecules_1$Total_L_H=Isomer_Molecules_1$NH+2*Isomer_Molecules_1$NH2+Isomer_Molec

ules_1$OH+Isomer_Molecules_1$SH 

Isomer_Molecules_1$Total_L_O=Isomer_Molecules_1$Carbonyle+Isomer_Molecules_1$Carboxylic_Aci

d 

 

Isomer_Molecules_H=Isomer_Molecules_1[Isomer_Molecules_1$Total_L_H==2,] 

nrow(Isomer_Molecules_H) 

 

Isomer_Molecules_HO=Isomer_Molecules_H[Isomer_Molecules_H$Total_L_O==1,] 

nrow(Isomer_Molecules_HO) 



 

write.csv(Isomer_Molecules_1,"Isomer_Molecules.csv") 

 

TARGET_SMILES="CC(O)=Nc1ccc(O)cc1" # Paracetomol 

 

# Run fragmentation for each molecule 

source("!CFM Fragmentation v2.R") 

dev.off() 

 

# Predict LC retention time for each molecule 

source("!Predict retention time v1.R") 

 

# Analyze fragments 

source("!Fragments Analysis v1") 

 

# 

#s=head(Isomer_Molecules,500) 

#JAVA_molecules=sapply(s$smiles, parse.smiles) 

# 

#for (group in Functional_Groups) { 

# mappings <- matches(group, JAVA_molecules, TRUE) 

# 

# Number_Of_Groups = as.numeric(sapply(mappings, function (mappings) {a=mappings[[2]]; 

return (length(a))})) 

#  

# s=cbind(s,Number_Of_Groups) 



#} 

 

plot(Isomer_Molecules_1$Total_L_H,Isomer_Molecules_1$Total_L_O) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Script 3. Predict Retention Time 

# Fragment molecule 

# Launch HILIC trained.RData 

 

require ("rcdk") 

require("caret") 

require("xgboost") 

 

 

#' Calculate Chemical Descriptors using RCDK 

#' @param x A dataframe with 3 mandatory column: "Name", "InchIKey", "SMILES". 

#' @export getCD 

#' @return A dataframe with calculated CD. Some compund can be missing if smiles is incorect or if 

molecule returns error in CDK 

#' @examples 

#' \donttest{ 

#' # RP and HILIC are previusly loaded dataset from excel with 

#' # Name, InchIKey, SMILES and Retention Time 

#' descs <- getCD(RP) 

#' descs <- getCD(HILIC)} 

 

 

getCD <- function(x){ 

 

  print(paste0("Converting SMILES...")) 

 



  for (i in 1:nrow(x)) { 

    smi <- rcdk::parse.smiles(as.character(unlist(x[i,"SMILES"]))) [[1]] 

    smi1 <- rcdk::generate.2d.coordinates(smi) 

    smi1 <- rcdk::get.smiles(smi,smiles.flavors(c('CxSmiles'))) 

    x$SMILES[i] <- smi1 

    print(paste0(i," of ",nrow(x))) 

  } 

 

 

  # select all possible descriptors 

  descNames <- rcdk::get.desc.names(type = "all") 

  # select only one descriptors. This helps to remove compounds that makes errors 

  descNames1 <- c('org.openscience.cdk.qsar.descriptors.molecular.BCUTDescriptor') 

 

  print(paste0("Checking for compound errors...")) 

 

  # calculate only 1 descriptor for all the molecules 

  mols_x <- rcdk::parse.smiles(as.character(unlist(x[1,"SMILES"]))) 

  descs1_x <- rcdk::eval.desc(mols_x, descNames1) 

 

  for (i in 2:nrow(x)) { 

    mols1 <- rcdk::parse.smiles(as.character(unlist(x[i,"SMILES"]))) 

    descs1_x[i,] <- rcdk::eval.desc(mols1, descNames1) 

    print(paste0(i," of ",nrow(x))) 

  } 



 

  # remove molecules that have NA values with only one descriptor 

  x_na <- data.frame(descs1_x,x) 

 

  x_na_rem <- x_na[stats::complete.cases(x_na), ] 

 

  x_na_rem <- x_na_rem [,-c(1:6)] 

 

  # computing the whole descriptos on the good on the clean dataset 

  print(paste0("Computing Chemical Descriptors 1 of ",nrow(x_na_rem)," ... Please wait")) 

 

  mols_x1 <- rcdk::parse.smiles(as.character(unlist(x_na_rem[1,"SMILES"])))[[1]] 

  rcdk::convert.implicit.to.explicit(mols_x1) 

  descs_x_loop <- rcdk::eval.desc(mols_x1, descNames) 

 

 

  for (i in 2:nrow(x_na_rem)) { 

    mols <- rcdk::parse.smiles(as.character(unlist(x_na_rem[i,"SMILES"])))[[1]] 

    rcdk::convert.implicit.to.explicit(mols) 

    descs_x_loop[i,] <- rcdk::eval.desc(mols, descNames) 

    print(paste0(i," of ",nrow(x_na_rem))) 

  } 

  datadesc <- data.frame(x_na_rem,descs_x_loop) 

  return(datadesc) 

} 



 

 

 

fit.xgboost <- function(x){ 

 

      # set up train control for 10 times cross validation 

      cv.ctrl <-caret::trainControl(method = "cv",number = 10) 

 

      # These are the tune grid parameters 

      xgb.grid <- base::expand.grid(nrounds=c(100,200,300,400,500,600,700), 

                              max_depth = c(5), 

                              eta = c(0.025,0.05), 

                              gamma = c(0.01), 

                              colsample_bytree = c(0.75), 

                              subsample = c(0.50), 

                              min_child_weight = c(0)) 

 

      print("Computing model Xgboost  ... Please wait ...") 

 

      # Model training using the above parameters 

      set.seed(101) 

      model_xgb <-caret::train(RT ~., 

                        data=x, 

                        method="xgbTree", 

                        metric = "RMSE", 



                        trControl=cv.ctrl, 

                        tuneGrid=xgb.grid, 

                        tuneLength = 14) 

 

 

 

 

      print("End training") 

 

 

      return(model_xgb) 

} 

 

 

 

cesc <- function(db_rt){ 

# calculate center and scale with caret function 

db_rt_rt <- data.frame(db_rt$RT) 

db_rt2 <- db_rt[,-1] 

preProc <- caret::preProcess(db_rt2,method = c("center","scale"),rangeBounds = c(0,1)) 

 

 

return(preProc) 

 

} 



 

 

 

proc.data  <- function(x){ 

            # remove na columns 

            db <- x[, !apply(x, 2, function(x) any(is.na(x)) )] 

 

            set.seed(101) 

 

            # remove columns with near zero variance values 

            nzvColumns <- caret::nearZeroVar(db) 

 

            mdrDescFH <- db[, -nzvColumns] 

 

            db_rt <- data.frame(mdrDescFH[,-c(1:3)]) 

 

            return(db_rt) 

 

          } 

 

 

 

getRT.smile <- function(smile="O=C(O)C(NC(=O)C(N)C)CC(C)C",training,model=model,cesc=cesc) { 

# without center and scale function activated 

  if (missing(cesc)){ 



# convert smile into CDK object 

mol <- parse.smiles(smile) 

# set the descriptors that have to be computed 

descNames <- get.desc.names(type = "all") 

# calculate the descriptors with CDK 

target <- eval.desc(mol, descNames) 

 

# convert to matrix and use only column present in custom training set 

target_desc <- as.matrix(target[names(target) %in% names(training)]) 

# make the RTP prediction and print in console 

ncolt1 <- ncol(target_desc) 

pred_target <- round(stats::predict(model, target_desc),2) 

 

} 

# The same but with center and scale function activated 

  else { 

 

  mol <- parse.smiles(smile) 

  descNames <- get.desc.names(type = "all") 

  target <- eval.desc(mol, descNames) 

 

  target <- stats::predict(cesc,target) 

 

  target_desc <- as.matrix(target[names(target) %in% names(training)]) 

 



  ncolt1 <- ncol(target_desc) 

  pred_target <- round(stats::predict(model, target_desc),2) 

 

 

  } 

 

return(pred_target) 

 

} 

 

# !!! Uncomment if running NOT HILIC.Rdataframe 

# !!! This data frame contains previously trained xgb model 

 

#descs2 <- getCD(head(HILIC,1000)) 

#db_rt <- proc.data(descs2) 

# 

#preProc <- cesc(db_rt) #Build a model to use for center and scale a dataframe  

#db_rt <- predict(preProc,db_rt) # use the above created model for center and scale dataframe 

# 

#inTraining <- caret::createDataPartition(db_rt$XLogP, p = .8, list = FALSE) 

#training <- db_rt[ inTraining,] 

# 

#xgb <- fit.xgboost(training) 

 

Isomer_Molecules=read.csv("Isomer_Molecules.csv", header=TRUE, sep=',') 



Isomers=Isomer_Molecules$smiles 

Isomer_Molecules$RT=0 

 

pb <- txtProgressBar(min = 0, max = length(Isomers), style = 3) 

 

for (i in c(1:nrow(Isomer_Molecules))) { 

  

 RT=try(getRT.smile(smile=as.character(Isomers[i]),training,model=xgb),silent=TRUE) 

 if (!grepl("Error",RT)) { 

  Isomer_Molecules[i,]$RT=RT 

 } 

 setTxtProgressBar(pb, i) 

} 

 

 

Isomer_Molecules$RTdif=Isomer_Molecules$RT-

getRT.smile(smile=TARGET_SMILES,training,model=xgb) 

 

Isomer_Molecules[as.character(Isomer_Molecules$smiles) == TARGET_SMILES,] 

 

hist(Isomer_Molecules$RTdif,100) 

 

write.csv(Isomer_Molecules[abs(Isomer_Molecules$RTdif)<5/60,],"Isomer_Molecules_Unresolved.csv") 

 

 

 



Script 4. Predict fragmentation spectrum 

# Fragment molecule 

# USE R 3.6 OR HIGHER!!!!!!! 

# USE BOTH R AND JAVA x64!!!!!! 

 

require(rcdk) 

 

Isomer_Molecules=read.csv("Isomer_Molecules.csv", header=TRUE, sep=',') 

 

pdf("MS2 Fragmentation.pdf") 

pb <- txtProgressBar(min = 0, max = nrow(Isomer_Molecules), style = 3) 

k=0 

 

for (index in c(1:nrow(Isomer_Molecules))) { 

 Isomer_Molecules_index=Isomer_Molecules[index,] 

 SMILES_str=Isomer_Molecules_index$smiles 

 

 k=k+1 

 #SMILES_str="CCCC(C(=O)C1=CC2=C(C=C1)OCO2)N3CCCC3" 

  

 results=shell(paste("cfm-predict.exe ", SMILES_str, " 0.001 param_output.log param_config.txt 

1",sep=""), intern=TRUE) 

 if (!(TRUE %in% grepl("Unsupported",results))) { 

  results_fragments=results[c((1+which(results=="")):length(results))] 

   

  # determine unique fragments 



   

  fragments=data.frame() 

  for (i in c(1:length(results_fragments))) { 

   line_i=results_fragments[i] 

   line_i_split=strsplit(line_i,split=" ")[[1]] 

   fragments=rbind(fragments,line_i_split) 

    i_factor <- sapply(fragments, is.factor) 

    fragments[i_factor] <- lapply(fragments[i_factor], as.character) 

  } 

  names(fragments)=c("n","m","smiles") 

  fragments$i=0 

   

  # assign intensities 

   

  results_fragments_int=results[c(1:(which(results=="")-1))] 

  results_fragments_int=results_fragments_int[-grep("ener",results_fragments_int)] 

   

  for (i in c(1:length(results_fragments_int))) { 

   line_i=results_fragments_int[i] 

   line_i_split=strsplit(line_i,split=" ")[[1]]; line_i_split=gsub("[:(:]","",line_i_split); 

line_i_split=gsub("[:):]","",line_i_split) 

   number_of_fragments=(length(line_i_split)-2)/2 

   for (ii in c(1:number_of_fragments)) { 

    fragment_n=line_i_split[2+ii] 

    fragment_i=line_i_split[2+number_of_fragments+ii] 

     



   

 fragments[fragments$n==fragment_n,]$i=fragments[fragments$n==fragment_n,]$i+as.numeric(

fragment_i) 

   } 

    

  } 

  #plot(fragments$m,fragments$i,ty='h') 

  # Select most intense fragments 

   

  most_intense_number=10 

 

 fragments_most_intense=head(fragments[order(fragments$i,decreasing=TRUE),],most_intense

_number) 

   

  par(oma = c(1,0,0,0) + 0.1, 

   mar = c(0,0.5,0,0)+1, 

   mgp = c(1.7,0.5,0)) 

  layout(matrix(c(1:2), 1, 2, byrow = TRUE),widths=c(3,2),heights=c(1,1)) 

  

  plot(fragments_most_intense$m,fragments_most_intense$i,ty='h', main=SMILES_str) 

  img <- view.image.2d(parse.smiles(as.character(Isomer_Molecules_index$smiles))[[1]]) 

  rasterImage(img, 

min(as.numeric(fragments_most_intense$m)),min(as.numeric(fragments_most_intense$i))+(max(as.nu

meric(fragments_most_intense$i))-min(as.numeric(fragments_most_intense$i)))/2, 

min(as.numeric(fragments_most_intense$m))+(max(as.numeric(fragments_most_intense$m))-

min(as.numeric(fragments_most_intense$m)))/2,max(as.numeric(fragments_most_intense$i))) 

   

   



 

 text(fragments_most_intense$m,fragments_most_intense$i,round(as.numeric(fragments_most

_intense$m),3)) 

   

 

 plot(c(0:10),c(0:10),col=0,main=paste(as.numeric(Isomer_Molecules_index[,c(9:16)]),collapse=','

)) 

  for (image_n in c(1:min(most_intense_number,nrow(fragments_most_intense)))) { 

   img <- 

view.image.2d(parse.smiles(fragments_most_intense[order(as.numeric(fragments_most_intense$m)),]

$smiles[image_n])[[1]]) 

   if (image_n<=5) { 

    rasterImage(img, 0,2*(image_n-1), 5,2*image_n) 

   } else { 

    rasterImage(img, 5,2*(image_n-6), 10,2*(image_n-5)) 

   } 

  } 

 

 text(c(rep(2.5,5),rep(7.5,5)),c(rep(seq(0,8,2),2)),round(as.numeric(fragments_most_intense[ord

er(as.numeric(fragments_most_intense$m)),]$m),3)) 

  fragments_most_intense$precursor_smiles=SMILES_str 

  write.table(fragments_most_intense,"Fragmented spectra.txt", append=TRUE, 

col.names=FALSE) 

 } 

 setTxtProgressBar(pb, k) 

} 

dev.off() 

#results=shell("cfm-predict.exe CCCC(C(=O)C1=CC2=C(C=C1)OCO2)N3CCCC3 0.001 param_output.log 

param_config.txt 1", intern=TRUE) 



Script 5. Analyze fragments 

# Fragment molecule 

# USE R 3.6 OR HIGHER!!!!!!! 

# USE BOTH R AND JAVA x64!!!!!! 

 

require(rcdk) 

 

s=read.table("Fragmented spectra.txt") 

names(s)=c('i','n','m','smiles','int','precursor') 

 

s_precursor=s[s$precursor==TARGET_SMILES,] 

 

Unique_fragments_m=unique(s$m) 

 

unified_fragments=data.frame() 

 

for(precursor in unique(s$precursor)) { 

 s1=s[s$precursor==precursor,] 

 unified_fragments_vec=rep(0,length(Unique_fragments_m)) 

 unified_fragments_vec[match(s1$m, Unique_fragments_m)]=1 

 unified_fragments=rbind(unified_fragments,unified_fragments_vec) 

} 

 

Difference=apply(head(unified_fragments,5000),1,function(x) {return(as.numeric(x-

unified_fragments[which (TARGET_SMILES==as.character(unique(s$precursor))),]))}) 

Difference_ind=apply(Difference,2,function(x) {return(10-length(x[x==-1]))}) 



 

hist(Difference_ind,col=2,31) 

 

unique(s$precursor)[Difference_ind==10] 

 

hist(Difference_ind,31,col=2,plot=FALSE) 

 

 

 

###### Unresolved 

Isomer_Molecules_Unresolved=read.csv("Isomer_Molecules_Unresolved.csv", header=TRUE, sep=',') 

 

s=s[s$precursor %in% Isomer_Molecules_Unresolved$smiles,] 

 

s=s[s$precursor %in% Isomer_Molecules_HO$smiles,] 

 

s=rbind(s_precursor,s) 

 

 

 

 

 

 

 

 



Script 6. Analyze isomers 

 

# Fragment molecule 

# USE R 3.6 OR HIGHER!!!!!!! 

# USE BOTH R AND JAVA x64!!!!!! 

 

require(rcdk) 

require(RSQLite) 

require(igraph) 

 

# Connect to PubChem_2019_09_09.db 

 

con <- dbConnect(RSQLite::SQLite(), "PubChem_2019_09_09.db") 

dbListTables(con) 

dbListFields(con, "molecules") 

 

# Select molecule 

Target_Molecule_Formula="C8H9NO2" 

Target_Molecule_Formula="C16H21NO3" 

Target_Molecule_Formula="C15H21NO" 

Target_Molecule_Formula="C17H19NO3"  

Target_Molecule_Formula="C8H17NO2" 

Target_Molecule_Formula="C12H12N2O3" 

Target_Molecule_Formula="C24H31NO4" 

Target_Molecule_Formula="C41H64O14" 



Target_Molecule_Formula="C5H10N2O2S" 

Target_Molecule_Formula="C12H14ClNO2" 

Target_Molecule_Formula="C18H24N2O4" 

Target_Molecule_Formula="C14H20ClNO2" 

Target_Molecule_Formula="C50H73N15O11" 

Target_Molecule_Formula="C63H98N18O13S" 

 

Target_Molecule_Formula="C9H11NO4" # DOPA 

 

res <- dbSendQuery(con, paste("SELECT * FROM molecules WHERE formula = 

'",Target_Molecule_Formula,"'",sep="")) 

Isomer_Molecules=dbFetch(res) 

 

head(Isomer_Molecules) 

nrow(Isomer_Molecules) 

 

# Determine number of functional grouops 

NH =  "[#7;H1]" #  

NH2=  "[#7;H2]" 

OH = "[#8;H1]" 

SH = "[#16;H1]" 

 

Carbonyle=  "[CX3]=[OX1]" 

Carboxylic_Acid = "[CX3](=O)[OX2H1]" 

 

Functional_Groups=c(NH, NH2,OH,SH, Carbonyle,Carboxylic_Acid) 



Functional_Groups_Names=c("NH","NH2", "OH","SH", "Carbonyle","Carboxylic_Acid") 

 

Isomer_Molecules_1=data.frame() 

 

pb <- txtProgressBar(min = 0, max = nrow(Isomer_Molecules), style = 3) 

 

for (index in c(1:nrow(Isomer_Molecules))) { 

 Isomer_Molecules_index=Isomer_Molecules[index,] 

 Isomer_Molecules_JAVA_molecules=sapply(Isomer_Molecules_index$smiles, parse.smiles) 

  

 Functional_Groups_vector=c() 

  

 if (is.null(Isomer_Molecules_JAVA_molecules[[1]])==FALSE) { 

  

  for (group in Functional_Groups) { 

   mappings <- matches(group, Isomer_Molecules_JAVA_molecules, TRUE) 

   

   Number_Of_Groups = as.numeric(sapply(mappings, function (mappings) 

{a=mappings[[2]]; return (length(a))})) 

    

   Functional_Groups_vector=c(Functional_Groups_vector,Number_Of_Groups) 

    

  } 

  Functional_Groups_vector_d=as.data.frame(t(Functional_Groups_vector)) 

  names(Functional_Groups_vector_d)=Functional_Groups_Names 

 Functional_Groups_vector_1=cbind(Isomer_Molecules_index,Functional_Groups_vector_d)  



 Isomer_Molecules_1=rbind(Isomer_Molecules_1,Functional_Groups_vector_1) 

  

 } 

   

 setTxtProgressBar(pb, index) 

 

} 

 

nrow(Isomer_Molecules_1) 

 

 

Isomer_Molecules_1$Total_L_H=Isomer_Molecules_1$NH+2*Isomer_Molecules_1$NH2+Isomer_Molec

ules_1$OH+Isomer_Molecules_1$SH 

Isomer_Molecules_1$Total_L_O=Isomer_Molecules_1$Carbonyle+Isomer_Molecules_1$Carboxylic_Aci

d 

 

Isomer_Molecules_H=Isomer_Molecules_1[Isomer_Molecules_1$Total_L_H==5,] 

nrow(Isomer_Molecules_H) 

 

Isomer_Molecules_HO=Isomer_Molecules_H[Isomer_Molecules_H$Total_L_O==2,] 

nrow(Isomer_Molecules_HO) 

 

########## Plot isomers 

 

Number_Of_Slides=floor(nrow(Isomer_Molecules_HO)/10)+1 

pdf("Isomers1.pdf") 



pb <- txtProgressBar(min = 0, max = Number_Of_Slides, style = 3) 

 

 

for (index in c(1:Number_Of_Slides)) { 

 

 Isomer_Molecules_index=Isomer_Molecules_HO[c(((index-1)*10+1):(index*10)),] 

 plot(c(0:10),c(0:10),col=0) 

 for (image_n in c(1:nrow(Isomer_Molecules_index))) { 

  img <- view.image.2d(parse.smiles(Isomer_Molecules_index$smiles[image_n])[[1]]) 

  if (image_n<=5) { 

   rasterImage(img, 0,2*(image_n-1), 5,2*image_n) 

  } else { 

   rasterImage(img, 5,2*(image_n-6), 10,2*(image_n-5)) 

  } 

 } 

 text(c(rep(2.5,5),rep(7.5,5)),c(rep(seq(0,8,2),2)),c(((index-1)*10+1):(index*10))) 

 setTxtProgressBar(pb, index) 

} 

 

dev.off() 

 

########## Isomers for DOPA 

 

 

############################################# 



 

SMILES_pattern_ortho="[$(caO);H1]"       # carbon ortho to O with 1 H 

SMILES_pattern_para="[$(caaaO);H1]"       # carbon para to O with 1 H 

 

Test_list=c(SMILES_pattern_ortho,SMILES_pattern_para) 

Isomer_Molecules_HO$NonLab=0 

 

for (index in c(1:nrow(Isomer_Molecules_HO))) { 

 Isomer_Molecules_index=Isomer_Molecules_HO[index,] 

 Molecule_JAVA_molecules=sapply(Isomer_Molecules_index$smiles, parse.smiles) 

 Atoms_list=c() 

 for (pattern in Test_list) { 

  mappings  <- matches(pattern, Molecule_JAVA_molecules, TRUE) 

  Atoms_list_1=unlist(mappings[[1]][[2]]) 

  Atoms_list=c(Atoms_list,Atoms_list_1) 

   

 } 

 Atoms_list_unique=unique(Atoms_list) 

 Isomer_Molecules_HO[index,]$NonLab=length(Atoms_list_unique) 

} 

Isomer_Molecules_HO[Isomer_Molecules_HO$NonLab==3,] 

 

Molecule_smiles=Isomer_Molecules_HO[index,]$smiles  #DOPA 

Molecule_JAVA_molecules=sapply(Molecule_smiles, parse.smiles) 

get.atom.count(Molecule_JAVA_molecules[[1]]) 



get.atoms(Molecule_JAVA_molecules[[1]]) 

generate.2d.coordinates(Molecule_JAVA_molecules[[1]]) 

adjm1=get.connection.matrix(Molecule_JAVA_molecules[[1]]) 

g1<-graph.adjacency(adjm1); 

 

mappings <- matches(SMILES_pattern_ortho, Molecule_JAVA_molecules, TRUE)   # PLUS 

1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

mappings 

Number_Of_Groups = as.numeric(sapply(mappings, function (mappings) {a=mappings[[2]]; return 

(length(a))})) 

Number_Of_Groups 

 

par(mfrow=c(1,2)) 

plot(c(0:10),c(0:10),col=0) 

img <- view.image.2d(Molecule_JAVA_molecules[[1]]) 

rasterImage(img, 0,0,10,10) 

plot(g1) 
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